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Slaughterhouse work involves a high degree of repetitive and forceful upper limb movements and thus implies an elevated risk
of work-related musculoskeletal disorders. High intensity strength training effectively rehabilitates musculoskeletal disorders
among sedentary employees, but less is known about the effect among workers with repetitive and forceful work demands.
Before performing randomized controlled trials it may be beneficial to assess the cross-sectional connection between exercise and
musculoskeletal pain. We investigated the association between high intensity physical exercise and pain among 595 slaughterhouse
workers in Denmark, Europe. Using logistic regression analyses, odds ratios for pain and work disability as a function of physical
exercise, gender, age, BMI, smoking, and job position were estimated. The prevalence of pain in the neck, shoulder, elbow, and
hand/wrist was 48%, 60%, 40%, and 52%, respectively. The odds for experiencing neck pain were significantly lower among
slaughterhouse workers performing physical exercise (OR = 0.70, CI: 0.49–0.997), whereas the odds for pain in the shoulders,
elbow, or hand/wrist were not associated with exercise. The present study can be used as general reference of pain in the neck and
upper extremity among slaughterhouse workers. Future studies should investigate the effect of high intensity physical exercise on
neck and upper limb pain in slaughterhouse workers.

1. Introduction

Musculoskeletal disorders constitute the most common
occupational disease in the European union and in theUnited
States [1, 2]. The consequences can be pervasive to both
employees and society, affecting individual health and well-
being, and impose a substantial socioeconomic burden due
to increased sickness absence, disability pension, and loss of
productivity [3–5]. Physical exposures such as repetitive and
forceful muscle work, lack of sufficient recovery, precision
demands, and awkward postures are risk factors for neck and
upper limb musculoskeletal pain [5–7].

Slaughtering and meat processing operations involve a
high degree of repetitive and forceful upper limb movements
and thus implies an elevated risk of work-related muscu-
loskeletal disorders [8, 9]. In linewith this, the rate of nonfatal
occupational injuries and illnesses for workers engaged in

animal slaughtering is more than twice as high as the US
national average, and the number of cases with days away
from work, job transfer, or restriction is almost three times
the national average [2]. To effectively prevent or rehabilitate
musculoskeletal pain among this occupational group, the
prevalence and associates of pain in the neck, shoulder, and
arm must be identified.

A strategy to reduce or prevent work-related muscu-
loskeletal pain may be to increase the workers physical
capacity through physical exercise. Previous studies from our
research group have shown promising and effective reduc-
tions in neck/shoulder/arm pain in response to 10–20 weeks
of kettlebell training [10, 11], strength training using elastic
rubber bands [12, 13] or free weights [14–16] in office workers
and laboratory technicians. However, office workers and lab-
oratory technicians have less strenuous working conditions
than slaughterhouse workers, and our previous findings may
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therefore not apply to other occupational groups.Noprevious
studies have investigated the effect of physical exercise among
slaughterhouse workers, perhaps because the time pressure
in this occupation makes physical exercise at the workplace
difficult to implement. Thus, before performing randomized
controlled trials among slaughterhouse workers it may be
beneficial to assess the cross-sectional association between
leisure-time physical exercise and pain.

The aim of this study was to investigate in a cross-
sectional questionnaire survey the association between high
intensity physical exercise and musculoskeletal pain in the
neck and upper extremity among slaughterhouse workers.
We hypothesized that slaughterhouse workers engaged in
high intensity physical exercise would have better odds of
being pain-free than their inactive colleagues.

2. Methods

2.1. Study Design. A cross-sectional questionnaire survey
concerning musculoskeletal pain and physical exercise was
conducted among 595 slaughterhouse workers in Denmark,
Europe. The Danish Data Protection Agency was notified of
and registered the study (registration number 2010-54-1106).
According to Danish law, questionnaire- and register-based
studies need neither approval from ethical and scientific
committees nor informed consent [17, 18]. However, prior to
data collection, an informational meeting was held at the two
participating slaughterhouses.

2.2. Questionnaire and Outcomes. The questionnaire was
sent out to 645 slaughterhouse workers of which 595 (92%)
responded. The questionnaire consisted of 25 items concern-
ing demographics, regional pain intensity, physical exercise
habits, work-related characteristics, and general health.

Regional pain intensity during the last three months
was rated subjectively using the 0–10 modified VAS scale,
where 0 indicates “no pain at all” and 10 indicates “worst
pain imaginable” [12, 19]. The neck, shoulder, elbow, and
hand/wrist regionswere defined by drawings from theNordic
Questionnaire of Musculoskeletal Pain [20]. Subsequently
pain rated on the numerical rating scale was dichotomized
into two groupings; “pain” as a score of 3–10 and “no or little
pain” as 0–2 [21].

The following question defined high intensity physical
exercise: “Do you perform one of the following types of
strenuous physical exercises at least once a week,” with yes/no
response option to each of the following: (1) strength training,
(2) aerobic fitness, (3) ball games, or (4) any other type of
strenuous physical exercise. Subsequently physical exercise
was dichotomized into two groupings: “physically active”
identified by performing a weekly minimum of one of the
4 options and “physically inactive” as not performing any
weekly physical exercise.

Participants were asked about year of birth, height
and weight, seniority, and primary job function. Primary
job function was further dichotomized into “meat cutters”
and “meat packers.” Smoking habits were identified by the

Table 1: Characteristics of the participants.

Age (years) 44 (9.8)
BMI (kg⋅m−2) 27 (4.6)
Male/female 89%/11%
Meat cutter/packer 74%/26%
Physical exercise 49%
Neck pain 48%
Shoulder pain 60%
Elbow pain 40%
Hand/wrist pain 52%
Work disability 38%
Smoking 37%

question “do you smoke?”—“yes” or “no.” Further, work
disability was present if the participant stated at least “some”
work disability scoring on a five-point scale: “not at all,”
“a little,” “some,” “much,” and “very much,” when asked the
question “during the last 3 months, did you have any difficulty
performing your work due to pain in the shoulder, arm, or
hand.”

3. Statistical Analysis

Using logistic regression analyses (PROC GENMOD of SAS
version 9.2), we estimated the odds for pain in the four differ-
ent body regions and work disability. We included physical
exercise, gender, age, BMI, smoking, and job position as
independent variables in the model. Odds ratios (OR) and
95% confidence intervals (95% CI) were calculated for the
four body regions and work disability. Further, Spearman’s
correlation coefficient was calculated to determine the asso-
ciation between pains in the different body regions. 𝑃 values
less than 0.05 were deemed statistically significant.

4. Results

4.1. Regional Pain Intensity. Anthropometric data, pain, and
disability are illustrated in Table 1. The prevalence of pain
in the neck, shoulder, elbow, and hand/wrist was 48%, 60%,
40%, and 52%, respectively (Table 1). Additionally, pain in
one regionwas associatedwith pain in the three other regions,
evidenced bymoderate Spearman’s correlation coefficients (r

𝑠

0.50–0.69, 𝑃 < 0.0001) (Table 2).

4.2. Odds Ratios. Table 3 summarizes the OR estimates for
experiencing pain in the four different body regions or work
disability as a function of physical exercise, gender, age, BMI,
smoking, and job position.

The odds for experiencing neck pain were lower among
slaughterhouse workers performing physical exercise (OR
= 0.7, CI: 0.49–0.997; 𝑃 = 0.048). However, the odds for
experiencing pain in the shoulders, elbow, or hand/wrist were
not significantly lower among workers performing physical
exercise (𝑃 = 0.35–0.89).

Females demonstrated higher odds for hand/wrist pain
(OR=2.27; CI: 1.19–4.35) thanmales, and smokers had higher
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Table 2: The association between pain in neck, shoulders, elbow, and hand/wrist is estimated by Spearman’s correlation coefficients (𝑟
𝑠

). All
𝑟

𝑠

are between 0.5 and 0.7 and thus considered as moderate correlations.

Neck pain Shoulder pain Elbow pain Hand/wrist pain
Neck pain 1
Shoulder pain 0.69 (𝑃 < 0.0001) 1
Elbow pain 0.52 (𝑃 < 0.0001) 0.51 (𝑃 < 0.0001) 1
Hand/wrist pain 0.50 (𝑃 < 0.0001) 0.55 (𝑃 < 0.0001) 0.52 (𝑃 < 0.0001) 1

Table 3: Odds ratios (OR) for pain in the four body regions and disability are calculated with gender, physical exercise, age, BMI, smoking,
and job function as independent variables. Statistical significant odds ratios (𝑃 < 0.05) are marked with bold, OR (95% CI).

Neck Shoulders Elbow Hand/wrist Work disability
Age 1.01 (0.99–1.03) 1.01 (0.99–1.03) 1.03 (1.01–1.05) 1.00 (0.98–1.02) 1.00 (0.98–1.02)
BMI 1.00 (0.97–1.04) 1.01 (0.98–1.06) 0.99 (0.95–1.03) 0.98 (0.94–1.02) 1.03 (0.99–1.07)
Gender

Male 1 1 1 1 1
Female 1.62 (0.86–3.04) 1.77 (0.89–3.52) 1.24 (0.67–2.29) 2.27 (1.19–4.35) 1.83 (0.99–3.38)

Physical exercise
No 1 1 1 1 1
Yes 0.70 (0.49–1.00) 1.04 (0.72–1.49) 0.98 (0.68–1.40) 0.84 (0.59–1.2) 0.89 (0.62–1.28)

Smoking
No 1 1 1 1 1
Yes 1.76 (1.21–2.55) 1.39 (0.95–2.03) 1.54 (1.06–2.23) 1.53 (1.06–2.2) 1.45 (1.00–2.11)

Job position
Meat cutter 1 1 1 1 1
Meat packer 2.10 (1.35–3.25) 2.19 (1.38–3.47) 1.51 (0.98–2.32) 1.21 (0.79–1.86) 1.95 (1.27–2.99)

odds for neck, elbow, and hand/Wrist pain and disability (OR
ranging from 1.45 to 1.76).

Job function was associated with regional pain and
disability. Meatpackers demonstrated more increased odds
for suffering from pain in the neck (OR = 2.1; CI: 1.35–3.25)
and shoulders (OR = 2.19; CI: 1.38–3.47) and disability (OR =
1.95, CI: 1.27–2.99) than meat cutters.

Additionally, neither age nor BMI significantly affected
the odds for experiencing pain or disability among the
slaughterhouse workers.

5. Discussion

Our cross-sectional study shows that physical exercise is
associated with reduced risk of experiencing neck pain in
slaughterhouse workers. However, pain in the shoulders,
elbow, and hand/wrist was not significantly associated with
regular physical exercise.

The prevalence of pain in the neck, shoulders, elbow and
hand/wrist among workers engaged in slaughtering andmeat
processing operations was high, affecting between 40% and
60%. We hypothesized that the risk for experiencing pain
in the neck and upper limb would be diminished among
workers engaged in physical exercise compared to inactive
colleagues. However, physical exercise was only associated
with lower odds for experiencing pain in the neck, whereas no
association with pain in the shoulder, elbow, and hand/wrist
was found. Due to the cross-sectional nature of this study we

cannot infer anything about causality between physical exer-
cise and pain; however, promising and effective reductions in
neck/shoulder/arm pain have been demonstrated in response
to physical exercise among sedentary job groups [10, 12].
In particular, strength training targeting the painful regions
has shown clinical relevant reductions in neck/shoulder pain
and seems superior to aerobic fitness in pain management
among office workers [22]. General physical exercise has
also shown beneficial effects among office workers [21].
However, office workers and laboratory technicians have less
strenuous working conditions than slaughterhouse workers,
and our previous findings may therefore not be directly
transferable to this occupational group. Further, repetitive
and forceful muscle work may—in theory—hinder adequate
recovery between resistance training sessions and workdays.
The cross-sectional association between physical exercise and
neck pain indicates that physical exercise may lead to reduc-
tions in neck pain among slaughterhouse workers. However,
randomized controlled trials among slaughterhouse workers
investigating the effect of high intensity physical exercise,
for example, strength training targeting the neck, shoulders,
elbow, and hand/wrist, are needed.

5.1. Additional Findings. Pain in one region was associated
with pain in the other regions, stressing the highly repetitive
and high force exposure of these body regions during work
as risk factors for developing musculoskeletal disorders in
several regions of the upper extremity. In addition, pain in
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one area may lead to altered or compensating moving pat-
terns of the arm possibly affecting mechanical loading in the
adjacent regions of the neck, shoulder, and arm. In line with
this, Andersen and coworkers [23] found that chronic pain
in the neck/shoulders among healthcare workers increased
the risk for developing chronic pain in other body regions,
possibly due to a combination of central sensitization and
compensatory lifting patterns.

Meat packing tasks were associated with a higher risk
for experiencing neck and shoulder pain and disability than
meat cutting operations. Thus it seems that repetitive lifting
tasks, during meat packing, primarily expose the neck and
shoulder whereas meat cutting operations involve a great
portion of repetitivemovements of the hand/wrist and elbow.
Whether meat packing is a stronger risk factor than meat
cutting and howother contributing factors influence pain and
job position are beyond the scope of this study. It should
however be mentioned that injured meat cutters are often
transferred to job tasks involving meat packing, as this job
task is considered less exposed than meat cutting. Thus, a
natural selection towards specific work tasks may occur.

5.2. Limitations and Strength. This is the first study to investi-
gate associations between physical exercise and pain intensity
in slaughterhouse workers. The cross-sectional study design
is a limitation as we cannot infer anything about causality.
However, the study should be seen as a predecessor for
future randomized controlled trials investigating effective
pain management among workers engaged in repetitive and
physical jobs. Because this study is based on questionnaire
replies the risk of common rater bias exists; that is, the
individual may reply negatively or positively to questions in
general. On the other hand, pain is a subjective experience. A
strength is that we used the validated Nordic Questionnaire
of Musculoskeletal Pain with pictures defining the different
body regions of interest [20]. The study population limits
the generalizability of our findings to slaughterhouse work-
ers. However, different job groups may respond differently
to physical exercise, and performing such analyses among
specific job groups is therefore of paramount importance.

5.3. Conclusion. Physical exercise was associated with lower
odds for experiencing pain in the neck, whereas no significant
association between exercise and pain in the shoulder, elbow,
and hand/wrist was found. Future studies should in random-
ized controlled trials investigate the effect of high intensity
physical exercise on neck and upper limb pain in workers
exposed to highly repetitive and forceful work.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This study was supported by a Grant from the Danish
Parliament (Satspuljen 2012; Nye Veje) (no. § 17.21.02.60).

References

[1] European Agency for Safety and Health at Work, European
Risk Observatory Report, OSH in Figures: Work-Related Muscu-
loskeletal Disorders in the EU—Facts and Figures, Publications
Office of the European Union, Luxembourg, 2010.

[2] US Depatment of Labor, “OSHA recordable case rates, latest
incidence rates, by industry, for nonfatal work-related injuries
and illnesses, NAICS code 311611: animal (except poultry)
slaughtering,” Bureau of Labor Statistics Database, November
22, 2012.

[3] L. L. Andersen, T. Clausen, O. S. Mortensen, H. Burr, and A.
Holtermann, “A prospective cohort study on musculoskeletal
risk factors for long-term sickness absence among healthcare
workers in eldercare,” International Archives of Occupational
and Environmental Health, vol. 85, no. 6, pp. 615–622, 2012.

[4] L. L. Andersen, T. Clausen, O. S. Mortensen, H. Burr, and A.
Holtermann, “A prospective cohort study on musculoskeletal
risk factors for long-term sickness absence among healthcare
workers in eldercare,” International Archives of Occupational
and Environmental Health, vol. 85, no. 6, pp. 615–622, 2011.

[5] E. K. Hansson and T. H. Hansson, “The costs for persons
sick-listed more than one month because of low back or neck
problems. A two-year prospective study of Swedish patients,”
European Spine Journal, vol. 14, no. 4, pp. 337–345, 2005.

[6] L. L. Andersen, T. Clausen, R. Persson, and A. Holtermann,
“Perceived physical exertion during healthcare work and risk
of chronic pain in different body regions: prospective cohort
study,” International Archives of Occupational and Environmen-
tal Health, vol. 86, no. 6, pp. 681–687, 2013.

[7] B. P. Bernard,Musculoskeletal Disorders andWorkplace Factors:
A Critical Review of Epidemiologic Evidence For Work-Related
Musculoskeletal Disorders of the Neck, Upper Extremity, and Low
Back, US Department of Health and Human Servises. Public
Health Service, Center for Disease Control and Prevention,
National Institute for Occupational Safety and Health, Wash-
ington, DC, USA, 1997.

[8] C. M. Sommerich, J. D. McGlothlin, and W. S. Marras, “Occu-
pational risk factors associated with soft tissue disorders of the
shoulder: a review of recent investigations in the literature,”
Ergonomics, vol. 36, no. 6, pp. 697–717, 1993.

[9] P. Frost, J. H. Andersen, and V. K. Nielsen, “Occurrence
of carpal tunnel syndrome among slaughterhouse workers,”
Scandinavian Journal of Work, Environment and Health, vol. 24,
no. 4, pp. 285–292, 1998.

[10] K. Jay, D. Frisch, K. Hansen et al., “Kettlebell training for mus-
culoskeletal and cardiovascular health: a randomized controlled
trial,” Scandinavian Journal of Work, Environment and Health,
vol. 37, no. 3, pp. 196–203, 2011.

[11] K. Jay, M. D. Jakobsen, E. Sundstrup, J. H. Skotte, M. B.
Jørgensen, C. H. Andersen et al., “Effects of kettlebell training
on postural coordination and jump performance: a randomized
controlled trial,” Journal of Strength & Conditioning Research,
vol. 27, no. 5, pp. 1202–1209, 2012.

[12] L. L. Andersen, C. A. Saervoll, O. S. Mortensen, O. M.
Poulsen, H. Hannerz, and M. K. Zebis, “Effectiveness of small
daily amounts of progressive resistance training for frequent
neck/shoulder pain: randomised controlled trial,” Pain, vol. 152,
no. 2, pp. 440–446, 2011.

[13] L. L. Andersen, C. H. Andersen, E. Sundstrup, M. D. Jakobsen,
O. S. Mortensen, and M. K. Zebis, “Central adaptation of
pain perception in response to rehabilitation ofmusculoskeletal



BioMed Research International 5

pain: randomized controlled trial,” Pain Physician, vol. 15, no. 5,
pp. 385–394, 2012.

[14] L. L. Andersen, J. L. Andersen, C. Suetta, M. Kjær, K. Søgaard,
and G. Sjøgaard, “Effect of contrasting physical exercise inter-
ventions on rapid force capacity of chronically painful muscles,”
Journal of Applied Physiology, vol. 107, no. 5, pp. 1413–1419, 2009.

[15] L. L. Andersen, K. B. Christensen, A. Holtermann et al., “Effect
of physical exercise interventions on musculoskeletal pain in
all body regions among office workers: a one-year randomized
controlled trial,” Manual Therapy, vol. 15, no. 1, pp. 100–104,
2010.

[16] L. L. Andersen, M. D. Jakobsen, M. T. Pedersen, O. S.
Mortensen, G. Sjøgaard, and M. K. Zebis, “Effect of specific
resistance training on forearm pain and work disability in
industrial technicians: cluster randomised controlled trial,”BMJ
Open, vol. 2, no. 1, Article ID 000412, 2012.

[17] “TheNational Committee onHealth Research Ethics (DNVK),”
2011, Guidelines about Notification, Committee System on
Biomedical Research Ethics, http://www.dnvk.dk/English/
guidelinesaboutnotification.aspx.

[18] The Danish Data Protection Agency, “Standard terms for
research projects, AUTHORISATION to process personal
data,” Copenhagen: The Danish Data Protection Agency, 2008,
http://www.datatilsynet.dk/erhverv/forskere-og-medicinalfir-
maer/standard-terms-for-researchprojects/.

[19] T. Pincus, M. Bergman, T. Sokka, J. Roth, C. Swearingen, and
Y. Yazici, “Visual analog scales in formats other than a 10
centimeter horizontal line to assess pain and other clinical data,”
Journal of Rheumatology, vol. 35, no. 8, pp. 1550–1558, 2008.

[20] I. Kuorinka, B. Jonsson, A. Kilbom et al., “Standardised Nordic
questionnaires for the analysis of musculoskeletal symptoms,”
Applied Ergonomics, vol. 18, no. 3, pp. 233–237, 1987.

[21] L. L. Andersen, M. B. Jørgensen, A. K. Blangsted, M. T. Peder-
sen, E. A. Hansen, and G. Sjøgaard, “A randomized controlled
intervention trial to relieve and prevent neck/shoulder pain,”
Medicine and Science in Sports and Exercise, vol. 40, no. 6, pp.
983–990, 2008.

[22] L. L. Andersen, M. Kjær, K. Søgaard, L. Hansen, A. I. Kryger,
and G. Sjøgaard, “Effect of two contrasting types of physical
exercise on chronic neck muscle pain,” Arthritis Care and
Research, vol. 59, no. 1, pp. 84–91, 2008.

[23] L. L. Andersen, T. Clausen, I. G. Carneiro, and A. Holtermann,
“Spreading of chronic pain between body regions: prospective
cohort study among health care workers,” European Journal of
Pain, vol. 16, no. 10, pp. 1437–1443, 2012.

http://www.dnvk.dk/English/guidelinesaboutnotification.aspx
http://www.dnvk.dk/English/guidelinesaboutnotification.aspx
http://www.datatilsynet.dk/erhverv/forskere-og-medicinalfirmaer/standard-terms-for-researchprojects/
http://www.datatilsynet.dk/erhverv/forskere-og-medicinalfirmaer/standard-terms-for-researchprojects/

